Abstract：This paper suggests a new fuzzy PID controller with variable parameters which improves the shortage of the fuzzy PID controller with fixed parameters suggested in [9] . The derivation procedure follows the general design procedure of the fuzzy logic controller, while the resultant control law is the form of the conventional PID controller. Therefore, the suggested controller has two advantages. One is that it has only four fuzzy linguistic rules and analytical form of control laws so that the real-time control system can be implemented based on low-price microprocessors. The other is that the PID control action can always be achieved with time-varying PID controller gains only by adjusting the input and output scalers at each sampling time.
Introduction
PID controllers have been widely used for industrial systems with advantages such as their structural simplicity and easy hardware implementation [1] . Nevertheless, they provide high control performance and stability for the given system. On the other hand, the conventional PID controllers can not be applied to nonlinear systems and/or mathematically unmodeled systems [2] .
Because they are model-based fixed structure controllers for controlling linear time invariant systems.
Fuzzy controllers in general are suitable for such nonlinear unmodeled systems based on fuzzy linguistic rules under the assumption that input/output information about the given system are sufficiently well known [3] [4] . By the way, fuzzy controllers requires so many rules for satisfying design control performance and thus cannot avoid consuming much computation time. This implies that fuzzy controllers can not be implemented by using low-priced digital microprocessors in view of real-time control.
Nowadays, in order to control nonlinear and/or unmodeled system, several types of fuzzy PID controllers has been developed, which combine the advantage of fuzzy controller with that of PID controller [5~8] . One of them is the nonlinear fuzzy PID controller suggested by Kim and Oh [9] . Its derivation procedure follows the general design procedure of fuzzy linguistic controller, while the resultant control law has the form of conventional PID controller. And also, the stability analysis for the fuzzy PID controller was addressed in [10] using small gain theorem.
By the way, a shortage of the fuzzy PID controller is that the PID control action is achieved only when the scaled inputs are within    on the fuzzification input space. In order to overcome the shortage, the variable design parameter fuzzy PID was proposed by I. Kim [11] .
The key point of the control method is that the normalization parameter  of the fuzzy inputs is varied according to the maximal magnitude among scaled inputs at each sampling time and thus the PID control action can always be achieved. 
The fixed parameter fuzzy PID controller
The structure of fuzzy PID controller suggested in [9] is given as Figure 1 .
The notations used in Figure 1 is as follows. The partitions of input space to evaluate fuzzy control rules are shown in Figure 4 and Figure 5 for fuzzy control block 1 and 2, respectively. Figure 4 : Partition of input space for fuzzy control block 1 controller can naturally be obtained as Equation (8),
where    ,    , and    are constants.
By the way, when input pair   and   are beyond normal operating input spcae   , for example (IC9)1~(IC20)1 in fuzzy control block 1, the control input can no longer be expressed as the PID form. In this case, the resultant control input must be decided by Table 3 and Table 4 given in [9] . In these cases, there are so many condition rules that have to be executed by CPU based controller. This causes the real time control to be impossible and is a shortage of the fixed parameter fuzzy PID controller.
Suggestion of a new fuzzy PID controller
One method (not reviewed in this paper), called the variable design-parameter fuzzy PID controller, to improve the disadvantage of the fixed parameter fuzzy PID controller was suggested in [11] and [12] . In [11] and [12] , the input scaler  , and  are fixed as the initial design values, while the normalization parameter  is varied as   whenever the combination of   and/or   are beyond input space    . [11] and [12] .
The conditions to implement the first idea are suggested as Equation (12). It keeps in mind that Equation (12) and Equation (13) must be implemented simultaneously.
The resultant control laws are the same as Equations (2)- (6) except that   , and  are varied according to the conditions given as Equation (12) and Equation (13) By the way, in case that the reference input with step 3 greater than unit step used as the initial design input is applied to the system, the control responses are quite different each other as shown in 
Conclusions
In this paper, the new fuzzy PID controller was suggested in order to improve the disadvantages of the fixed parameter fuzzy PID controller [9] and the variable parameter fuzzy PID controller [11] [12] .
Through simulation results, the effectiveness of the suggested fuzzy PID controller was verified. The design procedure of the suggested fuzzy PID is so simple compared with other types of fuzzy PID controllers used to control unmodeled systems, while the control performance is superior to others.
It is the most important advantage of the suggested fuzzy PID controller.
